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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor that Is excellent 
in quality and productivity by reducing generation of crystal and by 
preventing generation of warping, and a method of manufacturing the same. 

SOLUTION: In a nitride semiconductor grown on a substrate 1 and in a method 
of manufacturing the same, after the nitride semiconductor layer 10 is 
grown on the substrate 1 and a porous layer 2 having number of fine voids 
2a is formed in the nitride semiconductor layer 10, a heat treatment is 
made to form a recrystaized layer 3 by recrystall izing the surface. 
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(54) [Title of the Invention] 

NITRIDE SEMICONDUCTOR AND METHOD FOR MANUFACTURING THE 
SAME 

(57) [Abstract] 

[Problem] A Nitride semiconductor superior in quality and productivity and the 
manufacturing method thereof are provided by reducing generation of a crystal defect and 
by preventing a warp. 

[Solution] In nitride semiconductor grown on a substrate 1 and a manufacturing the same, 
a nitride semiconductor layer 10 is grown on the substrate 1, a porous layer 2 having a 
plurality of minute voids 2a is formed in the nitride semiconductor 10, and thereafter a 
recrystallized layer 3 is formed by recrystallizing the surface with heat treatment. 
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[Claims] 

[Claim 1] A nitride semiconductor comprising: 
a substrate; and 

a nitride semiconductor layer having a plurality of minute voids inside, which is 
formed on said substrate. 
[Claim 2] A nitride semiconductor comprising: 

a substrate; 

a nitride semiconductor layer having a plurality of minute voids inside, which is 
formed on said substrate; and 

a thin film having at least one layer is formed on said nitride semiconductor 

layer. 

[Claim 3] A nitride semiconductor according to Claim 1 or 2, wherein said nitride 
semiconductor layer and said thin film are made from any one of GaN, AlGaN and 
InGaN. 

[Claim 4] A method for manufacturing a nitride semiconductor comprising the steps of: 
growing a nitride semiconductor layer on a substrate, 
forming a plurality of minute voids in said nitride semiconductor layer, and 
forming a recrystallized layer by recrystallizing the surface with heat treatment. 

[Claim 5] A method for manufacturing a nitride semiconductor comprising the steps of: 
growing a nitride semiconductor layer on a substrate, 
forming a plurality of minute voids in said nitride semiconductor layer, and 
forming a recrystallized layer by recrystallizing the surface with heat treatment, 

and 

forming a thin film having at least one layer on said recrystallized layer by 
epitaxial growth. 
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[Claim 6] A method for manufacturing a nitride semiconductor according to Claim 4 or 5, 
wherein the size, the number, the density, the distribution of said minute voids and the like 
are controlled by said heat treatment. 

[Claim 7] A method for manufacturing a nitride semiconductor according to any one of 
Claims 4 to 6, wherein said substrate or said substrate and said porous layer having said 
voids are peeled off, after said manufacturing. 

[Claim 8] A method for manufacturing a nitride semiconductor according to any one of 
Claims 4 to 7, wherein another substrate is attached to the surface on the opposite side to 
said substrate, and said substrate or said substrate and said porous layer are peeled off, 
after said manufacturing. 

[Claim 9] A method for manufacturing a nitride semiconductor according to any one of 
Claims 4 to 8, wherein a semiconductor substrate such as silicon, a highly thermal 
conductive substrate such as aluminum nitride, or a metal substrate such as aluminum and 
copper are used for said another substrate. 

[Claim 10] A method for manufacturing a nitride semiconductor according to any one of 
Claims 4 to 9, wherein said heat treatment is conducted in hydrogen, NH 3 , or an 
atmosphere containing the both. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention relates to a nitride semiconductor 
and a method for manufacturing the same, specifically to a nitride semiconductor in 
which a nitride semiconductor layer has few crystal defects and warps is formed even on 
a dissimilar substrate and a method for manufacturing the same . 
[0002] 

[Prior Art] Generally, there is substantially no substrate using similar material as a nitride 
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semiconductor such as GaN, or its mixed such as crystal AlGaN and InGaN. Therefore, 
a thin film of the nitride semiconductor is grown over a dissimilar substrate such as 
sapphire, SiC. 

[0003] However, the nitride semiconductor thus grown over the dissimilar substrate has a 
different lattice constant from the substrate. Accordingly, there are problems of increase 
in a crystal defect due to the difference in lattice constant between the nitride 
semiconductor and the substrate and a warp caused by thermal expansion difference 
between the substrate and the thin film during and after the growth. 

[0004] A crystal defect deteriorates luminescence property and reliability of an optical 
element formed from the nitride semiconductor, which causes a leakage current and 
non-linearity of an electronic device, and decrease in reliability and the like. 
[0005] In addition, the warp causes ununiformity of the contact with a heated substance 
(susceptor made from graphite, for example), which brings ununiformity to properties of 
epi thin film such as carrier density and composition. The ununiformity of temperature 
is fatal specifically when InGaN is used for a nitride semiconductor. 

[0006] In photolithography carried out in the subsequent step of forming an element, the 
warp at an ordinary temperature after the growth becomes a serious problem in 
light-exposure of a minute pattern. 

[0007] Accordingly, as a preventive measure against the crystal defects and warps, ELOG 
(O.-H. Nam etl, Appl. Phys. Lett. 71 (1997) 2472)and FDELO (A. Sakai etl, Appl. Phys. 
Lett. 71 (1997) 2259) using lateral direction growth by selective growth has been 
developed. 

[0008] Besides this, a GaN substrate serving as a similar substrate to the nitride 
semiconductor to be formed has been also developed. 

[0009] In addition, a technique is proposed, in which a sapphire substrate is removed after 
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a several hundreds GaN film is grown thereover by HVPE, which is more practical 

considering the quality and costs. 

[0010] 

[Problem to be Solved by the Invention] However, ELOG and FTELO still have a crystal 
defects of approximately 10E6 to 10E7/ cm* 3 , and the problem of a warp is not improved 
at all. 

[0011] In addition, the development of the GaN substrate is not practical because GaN 
substrate of 10mm diameter alone is manufactured and the production cost is very high 
since the GaN substrate is formed under extremely high pressure. 

[0012] Moreover, as for the method for removing a sapphire substrate after GaN is grown 
on the sapphire substrate by HVPE, there are problems such that quite a few crystal 
defects are generated, and further there is no practical method for removing the sapphire 
substrate, which leaves the warp also after removing the substrate. 

[0013] In view of the problem above, the object of the present invention is to provide a 
nitride semiconductor of high quality and productivity and a method for manufacturing 
the same by preventing crystal defects and warps. 
[0014] 

[Means for Solving the Problem] To solve the problem above, the invention of Claim 1 
comprises a nitride semiconductor comprising a substrate and a nitride semiconductor 
layer having a plurality of minute voids inside, which is formed on said substrate. 
[0015] The invention of Claim 2 comprises a nitride semiconductor comprising a 
substrate, a nitride semiconductor layer having a plurality of minute voids inside, which is 
formed on said substrate and a thin film having at least one layer is formed on said nitride 
semiconductor layer. 

[0016] The invention of Claim 3 comprises the above nitride semiconductor layer and the 
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thin film are formed from any one of GaN, AlGaN and InGaN. 

[0017] The invention of Claim 4 is a method that comprises the steps of: growing a nitride 
semiconductor layer, forming a plurality of minute voids in the nitride semiconductor 
layer, and forming a recrystallized layer by recrystallizing the surface with heat treatment. 
[0018] The invention of Claim 5 is a method that comprise the steps of: growing a nitride 
semiconductor layer, forming a plurality of minute voids in the nitride semiconductor 
layer, forming a recrystallized layer by recrystallizing the surface with heat treatment, and 
forming a thin film having at least one layer on the recrystallized layer by epitaxial 
growth. 

[0019] The invention of Claim 6 is a method in which the size, the number, the density, 

and the distribution of the minute voids are controlled by the heat treatment. 

[0020] The invention of Claim 7 is a method for peeling off the porous layer having the 

substrate or substrate and voids, after having done the manufacturing above. 

[0021] The invention of Claim 8 is a method in which another substrate is attached to the 

surface on the opposite side to the substrate, and in which the substrate or the substrate 

and the porous layer are exfoliated, after having done the manufacturing above. 

[0022] A method for manufacturing a nitride semiconductor according to any one of 

Claims 4 to 8, wherein a semiconductor substrate such as silicon, a highly thermal 

conductive substrate such as aluminum nitride, or a metal substrate such as aluminum and 

copper is used for said another substrate. 

[0023] The invention of Claim 10 is a method in which the heat treatment is conducted in 
hydrogen, NH3, or an atmosphere containing the both. 

[0024] In other words, the main point of the invention is to form a porous layer over the 
surface of a GaN film (AlGaN, InGaN are also acceptable) by etching with anodizing and 
photoetching (C. Youtsey etl, Appl. Phys. Lett. 71, (1997) 2151) the GaN film. In 
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addition, another main point of the present invention is to form a GaN epi film having a 
smooth recrystallized layer whose surface is continuous by applying a heat treatment to 
the porous GaN in hydrogen. 

[0025] According to the structures above, the porous GaN reacts with hydrogen, and the 
part thereof becomes Ga and NH3. The Ga reacts with NH3 in a nuclear growth site such 
as a kink and a step by migrating its surface, which induces epitaxial growth of GaN. 
This epitaxial growth proceeds until GaN becomes in a thermal equilibrium state. By a 
suitable temperature, a time amount, the purity of hydrogen, and gas mixing of NH 3 and 
the like, the surface of the porous GaN is grown epitaxially as well as recrystallized to 
form a smooth GaN epi film having a continuous surface. 

[0026] Accordingly, although the difference in a lattice constant between a substrate and a 
nitride semiconductor, a crystal defect occurs in the vicinity of those interfaces. 
However, the surface is recrystallized in a lateral direction, and the crystal defect is 
reduced in the recrystallized layer like ELOG 

[0027] In addition, distortion caused by difference in thermal expansion and in a lattice 
constant between a substrate and a nitride semiconductor is reduced by the part of a 
plurality of minute voids that serves as a cushion layer in a sense. 

[0028] Accordingly, the crystal defect in an epi film decreases, and the warp during and 
after the epi growth is also largely reduced. 

[0029] Moreover, according to the present invention, this porous (void) layer is dissolved 
and broken by selective etching, a very high pressure stream, GaAs jet, laser beam cutting 
or the like. Then, an epi film is peeled off from the substrate 

and stuck on another substrate (the epi film can be stuck before the peeling off, of course). 
Accordingly, it becomes also possible to provide an optimum substrate/ epi structure 
which adapts to device application. 
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[0030] 

[Embodiment Mode of the Invention] Next, one preferred embodiment mode of the 
present invention is explained in detail based on accompanying drawings. 
[0031] FIG 1 is a side elevation of GaN as a nitride semiconductor according to the 
present invention. 

[0032] As shown in FIG 1, this GaN includes a sapphire substrate 1 and a nitride 
semiconductor layer 10 formed thereover. In other words, the GaN is a nitride a 
semiconductor formed on a dissimilar substrate. 

[0033] A recrystallized layer 3 comprising high quality GaN is formed on a surface side 
of the nitride semiconductor layer 10. In addition, a porous GaN layer 2 comprising 
minute voids and the aggregates thereof 2a is formed on the substrate side of the nitride 
semiconductor layer 10. 

[0034] A method for manufacturing this GaN is described with reference to FIG 5. 
[0035] When the GaN shown in FIG 1 is formed, as shown in FIG 5(a), a thin film of 
GaN 10a is grown on the sapphire substrate 1 at first by normal MOCVD method, MBE 
method, HVPEH method and the like. 

[0036] Then, this GaN 10a is etched by the photoetching above (C. Youtsey etl, Appl. 
Phys. Lett. 71, (1997) 2151) as shown in FIG 5(b), and porous 10b comprising a plurality 
of minute voids and the aggregates thereof 2a is formed. A plurality of voids 2a is 
formed by regulating the condition of photoetching (light intensity, wavelength, and 
temperature of etchant). 

[0037] Moreover, the basic conditions of this etching are, for example, irradiation light of 
ultraviolet ray having a wavelength of 365nm and etchant of mixed aqueous solution of 
KOH with K2S2O8. GaN is then put into the etchant to be etched by emitting the 
irradiation light. As this occurs, when there is a part (entire or a part of front or back 
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surface of GaN) that is not to be dissolved into the etchant, noble metal such as Au and Pt 
may be adhered thereto. 

[0038] Then, this porous GaN is put in a MOCVD furnace and heated in hydrogen. At 
this time, NH3 or nitrogen may be mixed in the hydrogen. In general, a heating 
temperature is from 800°C to 1100°C, and a heating time is from several seconds to 
several hours. However, the condition of time and temperature other than the described 
above is acceptable, depending on the condition of porous GaN. 

[0039] As shown in FIG 5(c), by this heating, porous GaN reacts with hydrogen, and the 
part thereof becomes Ga and NH3. The Ga reacts with NH 3 in a nuclear growth site such 
as a kink and a step by migrating its surface, which induces epitaxial growth of GaN. 
This epitaxial growth proceeds until GaN becomes in a thermal equilibrium state. By a 
suitable temperature, a time amount, the purity of hydrogen, and gas mixing of NH 3 and 
the like, the surface of the porous GaN is grown epitaxially as well as recrystallized to 
form a smooth recrystallized layer 3 having a continuous surface. 

[0040] Like this manner, a GaN film is formed, in which recrystallized layer 3 is provided 
on its surface and the porous layer (minute void layer) 2 having a plurality of the minute 
voids 2a therebeneath. 

[0041] The properties of the minute void layer 2 (void's size and density, distribution of 
the void's size, thickness of the minute void layer 2 and the like) are controlled by further 
heat treatment, or further heat treatment after a heat processing. 
[0042] After that, the inside of furnace is cooled, and the GaN is taken out. 
[0043] From the difference in a lattice constant between the sapphire substrate 1 and a 
nitride semiconductor layer 10, GaN manufactured as described has a crystal defect in the 
vicinity of those interfaces. However, the recrystallized layer 3 on the surface is 
recrystallized in a lateral direction, and the crystal defect is reduced in the recrystallized 

10/15 



English Translation of JP2001-223165 

layer like ELOG 

[0044] Distortion caused by thermal expansion difference between the sapphire substrate 
1 and the nitride semiconductor layer 10 is reduced by the porous layer 2. Accordingly, 
a warp does not occur in GaN. 

[0045] Further, the minute void layer (porous layer) 2 becomes to have a low dielectric 
constant and high resistivity. Therefore, in a HEMT broadside device formed from this 
GaN, parasitic resistance as well as a leakage current is reduced. 

[0046] Moreover, according to the present invention, this porous (void) layer 2 is 
dissolved and broken by selective etching, a very high pressure stream, GaAs jet, laser 
beam cutting or the like. Then, the epi film is peeled off from the sapphire substrate 1, 
and stuck on another substrate (the epi film can be stuck before peeling off, of course). 
Accordingly, it becomes also possible to provide an optimum substrate/ epi structure 
which adapts to device application. 

[0047] Next, another embodiment mode of the present invention is described. 

[0048] FIG 2 is a side elevation of the recrystallized layer shown in FIG 1, where the 

GaN substrate and porous layer are peeled off and removed. 

[0049] As shown in FIG2, this GaN(3) is formed from GaN grown on porous GaN alone. 
[0050] Therefore, since this GaN(3) is the GaN grown on a similar substrate, a crystal 
defects and warps dose not occur therein. 

[0051] Accordingly, in the case where an optical element is formed from this GaN(3), the 
optical element of high reliability is formed without deterioration in luminescence 
property thereof. In addition, neither leakage current nor non-linearity of an electronic 
device does occur. 

[0052] Moreover, since there is no warp in GaN(3), the contact with a heated product is 
kept uniformly, and the properties such as a carrier density and composition of an 
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epitaxial thin film become uniform. At the same time, also in photolithography after the 
growth, GaN has superior usability in a light exposure step patterning a minute pattern. 
[0053] As another embodiment mode, a side elevation of GaN (a nitride semiconductor 
layer) is shown in FIG 3, where the substrate of GaN shown in FIG 1 is peeled off and 
removed. 

[0054] As shown in FIG 3, this GaN includes the porous layer 2 formed on a substrate 
side and the recrystallized layer 3 formed on a surface side. 

[0055] That is, although a crystal defect due to the difference in a lattice constant between 
the substrate exists on a substrate side of GaN, surface is recrystallized in a lateral 
direction. Therefore, the crystal defect dose not occur in the recrystallized layer 3. In 
addition, since the GaN is formed on a similar substrate, the element of high reliability 
can be formed without deterioration in properties of the element like the GaN in FIG 2 
when an optical element is formed from this GaN. 

[0056] In addition, as an embodiment mode other than these embodiment modes, a side 
elevation of GaN is shown in FIG 4, where a plurality of thin films of nitride 
semiconductor is multilayered. 

[0057] As shown in FIG. 4, after this GaN goes to heating process of porous GaN, which 
is described in the present embodiment mode, nitride semiconductors 4a, 4b, ...4n such as 
GaN, AlGaN or InGaN are left in the furnace as they are and grown epitaxially so as to 
have a structure for a device for GaN system. Otherwise, after taking out a GaN wafer 
from the furnace, a device structure is grown epitaxially by an MOCVD method on the 
GaN wafer separately. By doing that, the GaN shown in FIG 4 is formed, where a thin 
film (multi-layer) 4 in which the nitride semiconductors 4a, 4b, ...4n are multilayered. 
[0058] In the case in which a device formed from this multi-layer nitride semiconductor is 
a LED, for example, Si doped n-type GaN layer, Quantum well type active layer of 
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undoped InGaN and undoped GaN, and Mg doped p-type GaN layer may be grown 
sequentially on the surface crystallized porous GaN. 

[0059] In addition, in the case in which a device to be formed is an HEMT, for example, 
undoped GaN layer is firstly grown, and further, a buffer layer in which a plurality of 
AlGaN layer and GaN layer are stuck alternately. Furthermore, a channel layer of GaN 
or InGaN are grown thereover. Then, an n-type AlGaN or an n-type GaN carrier supply 
layer is grown, further, an n++ type GaN or an n++ type InGaN layer may be grown 
thereover as an ohmic contact layer. Otherwise, the carrier supply layer may be an 
undoped layer. 

[0060] Moreover, although the case in which the nitride semiconductor layer is GaN is 
described in the present embodiment mode, the nitride semiconductor layer 10 may be a 
thin film of either AlGaN or InGaN as a modified example. Furthermore, although the 
multi-layer film is described in another embodiment mode, the combination of GaN, 
AlGaN or InGaN is not limited thereof, of course. 

[0061] Furthermore, other than sapphire, GaN, SiC, and bulk GaN may be used as a 
substrate. 

[0062] Still further, although an MOCVD furnace is used as fission reactor, a common 
CVD furnace, MBE furnace, HVPE furnace and diffusion furnace are acceptable. Heat 
treatment at this time may be conducted in NH3 as well as hydrogen, or in atmosphere 
including the both. 
[0063] 

[Effect of the Invention] Basically, according to the present invention, a crystal defect is 
occurred by the difference in a lattice constant between a substrate and nitride 
semiconductor. However, since a surface is recrystallized in a lateral direction, a crystal 
defect is decreased like ELOG 
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[0064] Moreover, since thermal expansion difference between the substrate and nitride 
semiconductor and distortion due to lattice constant difference are reduced by a porous 
layer, a warp dose not occur. 
[Brief Description of the Drawings] 

[FIG 1] A side elevation of GaN showing one embodiment of the present invention 

[FIG 2] A side elevation of a nitride semiconductor that the substrate and the porous layer 

in FIG 1 are peeled off and removed 

[FIG 3] A side elevation of a nitride semiconductor that the substrate in FIG 1 is peeled 
off and removed 

[FIG 4] A side elevation of a nitride semiconductor that a multi-layer film is formed on 
the recrystallized layer in FIG 1 

[FIG 5] A flow sheet to illustrate a manufacturing process of a nitride semiconductor in 
FIG1 

[Denotation of Reference Numerals] 

1 A sapphire substrate 

2 A porous layer (a minute void layer) 
2a Minute voids and the cluster thereof 

3 A recrystallized layer 

10 A nitride semiconductor layer 
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